ABSTRACT A method using thin-layer chromatography is described to determine the concentration of hippuric acid, mandelic acid, and phenylglyoxylic acid present in the urine after occupational mixed exposure to toluene and styrene. These substances are known metabolites of toluene and styrene, and therefore the evaluation to mixed exposure to toluene and styrene may be carried out separating these metabolites beforehand. Procedures are proposed to separate the metabolites as follows: (1) separation of hippuric acid from mandelic acid, (2) separation of mandelic acid from phenylglyoxylic acid, and (3) separation of hippuric acid and mandelic acid from phenylglyoxylic acid. The developing reagent p-dimethylaminobenzaldehyde in acetic acid anhydride was used after separation on Kieselgel and Silicagel. The sensitivity of the method was 6 Htg of hippuric acid, 10 ,tg of mandelic acid, and 7 ,ug of phenylglyoxylic acid with an average recovery of 94 %0.
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The evaluation of professional exposure to styrene is based on the determination of mandelic acid'-3 or mandelic and phenylglyoxylic acids4 5 in the urine.
Ikeda et at6 and Horigushi et at7 described the usefulness of hippuric, phenylglyoxylic, and mandelic acid determination in the urine after exposure to styrene. Hippuric acid is the main metabolite of styrene in animals3 and the main metabolite after exposure to toluene8 9; hippuric acid is also found in the urine after exposure to benzylamines.10 Some separation procedures of mandelic and phenylglyoxylic acids have been described using gas chromatography11-'3; a colorimetric method is described for determining these metabolites using TLC techniques,4 but at the same time hippuric acid was analysed separately, according to the method of Ikeda and Ohtsuji.14 The aim of the present work was to elaborate a simple method for the simultaneous quantitative determination of hippuric, mandelic, and phenylglyoxylic acids by using thin-layer chromatography. There are large discrepancies among various authors concerning the evaluation of metabolites in the urine after professional exposure to styrene, and therefore the present method enables the direct Received 3 July 1981 Accepted 11 August 1981 use in following variations: two from the three analysed compounds or all three compounds.
Material and methods
The general separation procedure was carried out in aqueous solutions of the metabolite mixtures and proved in urine samples, to which given amounts of the analysed compounds were administered. The final results were checked in urine samples collected from individuals exposed to styrene.
For mandelic and phenylglyoxylic acid determination, urine samples were extracted by using ethyl ether. Because of rather low solubility of hippuric acid in ethyl ether,when all three compounds were analysed, chloroform was used for the extraction or urine samples were directly administered to the TLC plates. Such 
DEVELOPING REAGENTS
The following developing systems were used given that all are able to form coloured compounds with aromatic acids: (a) p-dimethylaminobenzaldehyde (4 g was dissolved in 100 ml of acetic acid anhydride together with 1 g of sodium acetate), (b 10 ,ug for mandelic acid, and 7 ,ig for phenylglyoxylic acid.
When the concentration of these substances in urine is lower than the above mentioned values, the urine samples have to be concentrated by evaporation under low pressure. The exactness of determination was ± 4.7, + 9 4, and ± 8-4%0 for hippuric, mandelic, and phenylglyoxylic acids respectively. The presented accuracy is good enough to evaluate occupational exposure to toluene and styrene.
